The antioxidant activity of extracts and fractions of six vegetal species from the Brazilian Atlantic Forest were determined. The total antioxidant activity was assessed based on the scavenging activity of the stable DPPH free radical. Eight extracts or fractions of plants showed significant DPPH scavenging activity (IC 50 10.0 mg=mL) compared with the values obtained for ascorbic acid (IC 50 ¼ 8.4 mg=mL) and gallic acid (IC 50 ¼ 2.6 mg=mL). The extracts or fractions were as follows: ethanol extracts of leaves, flowers, and stems of Baccharis illinita DC., ethanol extracts of leaves and stems of B. platypoda DC., hydroalcoholic extract and ethyl acetate fraction of leaves of Cyathea phalerata Mart. and hydroalcoholic extract of bark of Trichilia catigua A. Juss. Seven flavonoids present in the plant extracts were also investigated. The most active compounds were taxifolin, quercetin, and luteolin, which possess the catechol group 3 0 ,4 0 -diOH. In addition, the total phenolic or flavonoid contents of these extracts and fractions were evaluated. The phenolic content of the sample was determined using Folin-Ciocalteu reagent and varied from 489.07 to 11.29 mg=g dry weight expressed as gallic acid equivalents (GAE). The total flavonoid concentrations, detected using 2% aluminum chloride, varied from 61.82 to 5.6 mg quercetin equivalents (QE)=g dry weight. These results suggest that the level of antioxidant activity in these plants varies by a great extent. They also suggest that the phenolic content in these plants provides substantial antioxidant activity. The flora of Brazil appears to be a rich and interesting source for supplementary ethnomedical and phytochemical studies.
Introduction
During normal metabolism in aerobic cells, molecular oxygen is reduced to water; yet the stepwise transfer of electrons generates free reactive oxygen species (ROS), including superoxide radicals (O 2 -), hydrogen peroxide (H 2 O 2 ), and hydroxyl radicals (OH ) . Other radicals such as alkyl (R ), alkoxyl (RO ), and peroxyl (ROO ) radicals may also be produced endogenously, lipid peroxidation being another significant source of ROS (Simic et al., 1989) . In addition, ROS may be formed in the cell as a consequence of environmental stress. Excessive generation of ROS and other radicals can damage proteins, carbohydrates, polyunsaturated fatty acids, and DNA, and may thus lead to oxidative stress and to a variety of degenerative processes and diseases such as aging, immunodeficiencies, neurologic disorders, inflammation, arteriosclerosis, coronary heart disease, and certain cancers (Sies, 1991; Gutteridge, 1993; Kehrer, 1993; Aruoma, 1994; Scandalios, 1997; Halliwell & Gutteridge, 1999) .
ROS are continuously produced during normal physiologic events and removed by antioxidant defense mechanisms (Halliwell et al., 1992) . There is a balance between generation of ROS and their removal by the antioxidant system in organisms. Under pathologic conditions, ROS are overproduced and result in lipid peroxidation and oxidative stress. An imbalance between ROS and antioxidant defense mechanisms leads to oxidative modification in the cellular membrane or intracellular molecules (El-Habit et al., 2000) . Various endogenous antioxidant defense mechanisms play an important role in the elimination of ROS and lipid peroxides and therefore protect the cells against toxic effects of ROS and lipid peroxides (Halliwell, 1991; Halliwell et al., 1992; El-Habit et al., 2000) .
Recently, interest in finding naturally occurring antioxidants has increased considerably, with a view to their use in foods or as medicinal materials to replace synthetic antioxidants, which are being restricted due to their side effects such as carcinogenecity (Ito et al., 1983; Zheng & Wang, 2001) . Natural antioxidants, the most prominent representatives of which are carotenoids, ascorbic acid, tocopherols, and flavonoids, can protect the human body from free radicals and retard the progress of many chronic diseases as well as retard lipid oxidative rancidity in foods (Pryor, 1991; Kinsella et al., 1993; Lai et al., 2001) . The antioxidative properties of flavonoids are due to several different mechanisms, such as scavenging of free radicals, chelation of metal ions, such as iron and copper, and inhibition of enzymes responsible for free-radical generation (van Acker et al., 1996; Benavente-Garcia et al., 1997) . Depending on their structure, flavonoids are able to scavenge practically all known ROS including superoxide anions, hydrogen peroxide, hydroxyl radicals, singlet oxygen, alkoxy, aroxy, and peroxyl radicals, as well as alkyl-, aryl-, and nitrogen-derived radicals. Hence, flavonoids may protect biosystems against free-radical attack, which may be involved in various cancers and coronary heart disease.
A method based on the scavenging of the stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) has been used extensively to predict the antioxidant activities of extracts of plants (Yen & Duh, 1994; Brand Williams et al., 1995; Kulisic et al., 2004) . DPPH is a stable radical and it was used in this study for screening of the antioxidant antiradical activities of six plant extracts and its phenolic secondary metabolites, (Fig. 1 ) which are used in folk medicine for the treatment of some diseases.
Materials and Methods
Chemicals 2,2-Diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid, gallic acid, quercetin, and Folin-Ciocalteu reagent were purchased from Fluka. All other chemicals were of analytic grade. Table 1 , the trivial names, families, and popular uses for different plants included in the study are indicated.
Plant material

Polygala cyparissias
Preparation of plant extracts
The dried plant material samples (leaves, stems, and flowers) of B. illinita and B. platypoda were powdered separately and extracted first with chloroform and then with ethanol at room temperature for 15 days. The extracts were filtered and concentrated at reduced pressure, to yield the crude chloroform and ethanol extracts for each of the plant parts. Details of the partitioning, isolation procedures, and characterization of the substances are described in a previous paper (Verdi et al., 2004) .
Aerial parts (150 g) of P. sabulosa and P. cyparissias were powdered and macerated at room temperature for 15 days in an alcohol=water mixture (4:1, v=v). After filtration, the solvent was removed by rotatory evaporation under reduced pressure to yield the hydroalcoholic crude extracts of both species. The crude hydroalcoholic extract of P. sabulosa was suspended in water and separated by liquid-liquid partitioning using ethyl acetate and n-butanol.
Fresh wood samples (9.18 kg) of C. phalerata were cut into small pieces and extracted with 96% EtOH (15 days room temperature). After evaporation, the extract containing water was left to stand for 1 day, allowing the formation of an insoluble precipitate. This extract was filtered to obtain the solid residue (48.0 g) and aqueous phase. The aqueous phase was partitioned between n-hexane, ethyl acetate, and n-butanol yielding respective fractions. The ethyl acetate fraction (2.64 g) was chromatographed on successive normal and flash silica gel 60 columns with hexane-ethyl acetate-ethanol and methanol-chloroform gradients, respectively, and subsequent recrystallization of fractions with acetone yielded a yellow solid (1.35 g), kaempferol-3-O-a-L-rhamnopyranosyl-(1!2)-b-D-glucopyranoside, a white solid crystalline (74.0 mg), 4-O-b-D-glucopyranosylcaffeic acid, and kaempferol (21.0 mg). The structure of the substance was determined by IR, MS, and 1 H and 13 C NMR (COSY, HETOR, APT) spectroscopies and by comparison with literature data (Dauguet et al., 1993; Bringmann & Gü nther, 1999) . The ethanol extract from the leaves of C. phalerata was prepared in a similar manner as that of the stems.
The dried powdered bark of T. catigua was extracted with ethanol for 15 days. The ethanol extract was concentrated under vacuum, and 3 g of the residue were subjected to repeated silica gel column chromatography, eluted with a gradient of ethyl acetate-acetone-hexane, to yield epimeric flavolignans (Pizzolatti et al., 2004) .
Determination of total phenolic compounds in the extracts
The amount of total phenolics was determined using the Folin-Ciocalteu method (Gutfinger, 1981) . In this method, the reaction mixture was composed of 0.5 mL of extract, 5.0 mL of distilled water, and 0.5 mL of the Folin-Ciocalteu reagent. After a period of 3 min, 1.0 mL of saturated sodium carbonate solution was added. This mixtures were shaken and allowed to stand for 1 h. The absorbance was measured at 725 nm (each measurement was repeated three-times) in a Hitachi UV-Vis U 3000 spectrophotometer (Tokyo, Japan). A calibration curve of gallic acid was prepared, and the results were expressed as mg GAE (gallic acid equivalents)=g dry extract.
Determination of total flavonoid content in the extracts
The total flavonoid content was determined spectrophotometrically according to Lamaison and Carnat (QuettierDeleu et al., 2000) . Briefly, 0.5 mL of 2% aluminum chloride (AlCl 3 ) ethanol was mixed with the same volume of vegetal extracts (0.1-1.0 mg=mL). Absorption readings at 415 nm were taken after 1 h against a blank (ethanol). The total flavonoid content was determined using a standard curve with quercetin (0-50 mg=L). The mean of three readings was used and expressed as milligrams of quercetin equivalents (QE=g of dry extract).
Radical-scavenging effect of extracts in DPPH radicals
The free radical scavenging activity of the plants was measured using the method described by BrandWilliams et al. (1995) with some modifications. One milliliter of the methanol extracts of the plants (200, 100, 80, 40, 20, 10 , and 5 mg=mL) was added to 2 mL of a solution of DPPH radicals in methanol (0.004%). The mixture was shaken vigorously and allowed to stand for 30 min at room temperature. The absorbance (Abs sample ) of the resulting solution was measured at 517 nm and converted into percentage of antioxidant activity (AA) using the following formula: AA% ¼ 100-{[(Abs sample -Abs blank ) Â 100]=Abs control }. A methanol (2.0 mL) and plant extract (1.0 mL) solution was used as the blank (Abs blank ). A DPPH (2.0 mL) and methanol (1.0 mL) solution was used as the control (Abs control ). Ascorbic and gallic acids were used as standards. The radical scavenger activity was expressed in terms of the amount of antioxidants necessary to decrease the initial DPPH absorbance by 50% 
Results and Discussion
The effect of antioxidants on DPPH radical scavenging is thought to be due to their hydrogen-donating ability. DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Soares et al., 1997) . Extracts of plants are allowed to react with the stable radical, DPPH, in methanol solution. The reduction capability of DPPH radicals is determined by the decrease in its absorbance at 517 nm, induced by an antioxidant (AH) after 30 min, as follows: Tables 2 and 3 .
Natural extracts with proven antioxidant activity usually contain compounds with a phenolic moiety, for example coumarins, flavonoids, tocopherols, and cathechins. Organic acids, carotenoids, protein hydrolysates, and taninns can also be present and act as antioxidants or have a synergistic effect with phenolic compounds (Dapkevicius et al., 1998) .
The extracts of B. illinita, B. platypoda, T. catigua, and C. phalerata , with significant DPPH scavenging activity, also had a higher quantity of total phenolics, for example, 351.95 and 230.98 mg GAE=g extract for the ethanol extracts of the leaves and stems of B. illinita, respectively, and 486.07 mg GAE=g extract for the hydroalcoholic extract of T. catigua. These extracts, which have a high antioxidant activity, also had a great quantity of flavonoids, between 61.82 and 26.68 mg QE=g extract, as summarized in Table 2 . However, exceptions were observed for the leaves of C. phalerata and the hydroalcoholic extract of T. catigua, where concentrations of total phenolics and flavonoids, respectively, were low.
A high antioxidant activity (greater than the standard) was found in the extract of T. catigua bark (IC 50 ¼ 2.1 mg=mL). For this extract, a high total phenolic content was determined, this comprising a small fraction of flavonoids, only 5.61 mg QE=g extract. From the crude extract of this species, an epimeric mixture of flavolignans has been isolated and identified (Pizzolatti et al., 2004) , with an IC 50 value of 0.9 mg=mL (Table 3) .
The extracts of the B. illinita leaves showed a higher level of free-radical sequestering than the respective extracts of B. platypoda. The former Baccharis species also showed a greater content of total phenolics and of flavonoids. The ethanol extracts of different parts of both Baccharis species were more active than the chloroform extracts (Table 2) . From the ethanol extracts of the B. illinita flowers, nine flavonoids of previously known structure (Verdi et al., 2004) were isolated, and these are generally responsible for the high antioxidant activity of these extracts. Of these flavonoids, only six were evaluated in relation to their antioxidant activity: aromadendrin, naringenin, taxifolin, luteolin, apigenin, and quercetin. The IC 50 values are given in Table 3 . Radical scavenging activity of flavonoids toward DPPH radicals is dependent on the number of hydroxyl groups in the B ring. The greater the number of hydroxyl groups in the B ring, the greater the radical-scavenging potency of flavonoids. However, the C2-C3 double bond apparently does not contribute to the hydrogen-donating ability of flavonoids in the absence of a polyhydroxylated structure in the B ring. These hydroxyl groups help to stabilize the aryloxyl radical after hydrogen donation in the process of scavenging the free radicals (Cao et al., 1997) . Of the polyhydroxylated flavonoids, the most notable are those that have a 3 0 ,4 0 -dihydroxy catechol system in the B ring, as in the case of luteolin (IC 50 ¼ 15.7 mM), quercetin (IC 50 ¼ 6.9 mM), and taxifolin (IC 50 ¼ 6.6 mM), which showed excellent inhibitory activity against DPPH radicals when compared with ascorbic acid (IC 50 ¼ 47.7 mM), and gallic acid (IC 50 ¼ 15.3 mM). In addition, some flavonoids with only one hydroxyl group (4 0 -hydroxyl), such as naringenin and aromadendrin, were also found to have inhibitory activity. This fact indicates that ortho-hydroxyl substitutions, whether on the B ring or the A ring, are the most important features for the antiradical activity of flavonoids, while additional substitution seems to have no obvious influence (Yokozawa et al., 1998) .
The C. phalerata leaves show a greater free radical sequestering activity than the stem, although there was no parallelism in relation to the phenolic compounds content. However, a higher quantity of flavonoids was observed in the extract with greater antioxidant activity. On the other hand, in the ethyl acetate fraction, a greater antioxidant activity was found and also a higher percentage of total phenolics and of flavonoids (Table 2) . From this fraction, the compounds kaempferol-3-O-a-L-rhamnopyranosyl-(1!2)-b-D-glucopyranosylcaffeic, 4-O-b-D-glycopyranosylcaffeic acid, and kaempferol, were isolated, with only kaempferol showing notable levels of antioxidant activity (Table 3) .
The effect of quercetin and kaempferol on DPPH radical scavenging is well-known. The values of IC 50 ¼ 9.8 mM (Torres et al., 2006) , IC 50 ¼ 7.94 mM (Yokozawa et al., 1998) , and IC 50 ¼ 8.1 mg=mL (Choi et al., 2002) for quercetin have been established. These values are close to the values we determined. For kaempferol, the value of IC 50 ¼ 22.81 mM was reported (Yokozawa et al., 1998) .
In relation to the two Polygala species, it was observed that P. sabulosa is more active than P. cyparissias, for which no antioxidant activity was observed until the highest concentration of extract tested (200 mg=mL). For the ethyl acetate fraction of P. sabulosa, a greater activity in relation to sequestering of free radicals was found (Table 2) .
These results indicate that all plant extracts have a noticeable effect on the scavenging of free radicals. This activity also increases with increasing concentration. The extracts of these plants can be regarded as promising candidates for a plant-derived antioxidant compound.
This study reveals that Brazilian species offer an interesting source of new antioxidative plant extracts, such as those of T. catigua and B. illinita, there being a potential for their use in different fields (foods, cosmetics, pharmaceuticals). Flavonoids, phenolic acids, and flavolignans may be the compounds responsible for the antioxidant activity in these plants.
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